Abstract:
Introduction
Researches on the high strength and high performance of concrete is actively being carried out and application examples are also increasing. As the strength and performance of the concrete have been improved, it is possible to reduce the sectional dimensions and the total weight of the structure. Generally, when designing a reinforced concrete member, the role of concrete in the tensile region is usually ignored and only the equilibrium condition of force is mainly considered. However, from the viewpoint of macroscopic scale, it is increasingly necessary to consider not only the equilibrium condition of force but also the deformation compatibility.
When crack occurs in a concrete tensile member reinforced with reinforcing bars, the stress is redistributed on the crack face due to the difference in rigidity of the two materials. In the cracked section, the reinforcing bars are responsible for all the tensile forces due to the applied load. However, as the load is increased, the cracks are continuously formed, and the concrete between the cracked ends will bear part of the tensile force transmitted from the reinforcing bars by adhesion. The tension stiffening effect is a phenomenon in which the stiffness of reinforcing bars increases or the strain or stress decreases due to the contribution of concrete between cracks [1] . It is an important factor in evaluating the performance of the concrete that will bear the tensile force between the cracked sections, such as crack widths and deflections, affecting the stiffness and effective secondary moment of inertia [2] .
The purpose of this study is to understand the tension stiffening effects when applied to high strength concrete. Direct tensile tests were carried out with the thickness of cover and the strength of concrete as variables. Using the experimental results obtained in this study, the tension stiffening effect was determined by the cover thickness and by the strength of concrete, and the tensile reinforcement coefficient was corrected. Fig. 1 Load-Strain Relation of Tensile Specimen [3] In a cracked cross section, all tensile forces are balanced by steel only. However, between adjacent cracks, tensile forces are transmitted from the steel to surrounding concrete by bond stress. The contribution of concrete may be considered to increase the stiffness of tensile reinforcement, which is called tension stiffening as shown in Fig.1 . If the tension stiffening effect is neglected, the stiffness of a reinforced concrete bar or a structural member is underestimated. It is defined as the mean strain function of the reinforcing bars shown in Fig. 1  is the steel in the crack, when first crack has formed, srn  is the steel stress in the crack, when stabilized crack pattern has formed(last crack). Also,
Theoretical Backgrounds
for short-term loading (pure tension),
for longterm or repeated loading (pure tension). Here, the concept of mean strain sm  of steel bars is defined by the method as follows in the crack stabilization stage after cracking occurs [1] . To simplify this
Equation (4) is a simplified expression based on the results of experimental results [4] . The relation includes the effect of the cover thickness and concrete compressive strength on the tension stiffening effect but not the splitting cracks.
As a result of the experimental study, the tension strengthening effect decreases when splitting cracks occur in tensile members [5] , [6] . The effect of splitting cracks should be considered when the c/d b of tensile members is less than 2.5. The results of the study on the tension stiffening effect of the high strength concrete showed that it decreased as the strength of concrete increased [2] .
Experiments
The test specimens in this study were axially loaded direct tension members with a length of 700mm, containing single 13mm bars of yield stress 420 MPa at the centers of specimens. The cross-sectional area of the specimen was kept constant of 10000 mm 2 in all specimens to consider the ratio of cover thickness to the bar diameter (c/d b ) between 1.5 and 3.5 in 0.5 increments. The compressive strength of the concrete was set to 80MPa and 100MPa. According to the level of the target strength, the types of the concrete was SC80(80Mpa), and SC100(100Mpa), and the compressive strength test results were measured as f c = 82.4Mpa for SC80 and f c = 103.5Mpa for SC100, and the required compressive strength was obtained by a standard test with cylinder of a diameter 100 mm and a height of 200 mm. The concrete mix design is shown in Table I . A displacement control method was employed and the longitudinal elongation between the each of specimen was measured as in Fig.1 , with two LVDTs mounted at each corner. The load -strain relationship was investigated by measuring the strain of the steel and using the mean value. The cracks observed during the loading were marked and used in investigating the overall cracking behaviour.
Results and discussions

Tension stiffening effects
To examine the influence of the ratio of cover thickness to the bar diameter, the load-strain relation measured in the experiment is summarized in Fig. 3 and compared with the current design standard MC 2010 [3] for the compressive strength of SC 80. Three specimens were fabricated for various ratios of cover thickness to the bar diameter (c/d b ) of 80 MPa and representative values were obtained. A total of 15 specimens were fabricated for each 5 cover thickness ratios, 1.5,2, 2.5, 3 and 3.5. When ratio of cover thickness to the bar diameter (c/d b ) is relatively low, 1.5 and 2, splitting crack occurs first like conventional normal concrete, even though the concrete strength is increased to 80 MPa. On the other hand, in the case of the member having 2.5c/d b or more of which the ratio of the cover thickness to the bar diameter (c/d b ) which were sufficiently secured, the value exceeding MC 2010 were obtained. This suggests that it is necessary to modify the tensile enhancement coefficient which is improved as the cover thickness is changed. Fig. 3 Load-average steel strain relations for SC80
To examine the effect of bar diameter on tension stiffening, a comparison was made between the same compressive strength and the cover thickness ratio using D19 as reinforcement, which was obtained from other researchers [2] in Fig.4 . Design standard values are shown and compared with each test specimen. It is shown that, in the case of D19 reinforcement, the splitting crack load is close to the transverse crack load even when the cover thickness is high, and the tensile strengthening effect is reduced. From the results, it can be said that the high strength concrete using D13 is superior to the high strength concrete using D19 in view of tension stiffening effect. This means that as the concrete strength increases, the rebar diameter decreases and the slip amount decreases as the bond strength increase [6] , Fig. 4 Effect of bar diameter on tension stiffening Three specimens were fabricated for various ratios of cover thickness to the bar diameter (c/d b ) of 100 MPa and representative values were shown as in Fig. 5 . Comparing Fig.3 and Fig. 5 , it can be said that both SC80 and SC100show the similar tendency for various cover depth ratios. In the case of 1.5 and 2 with lower cover thickness ratios, the value was smaller than the predicted cracking load in the design standard. In addition, the specimen with the cover thickness of 2.5 or more reached a crack generation load earlier than that in the design standard, but after the crack occurred, the tensile strengthening effect was higher than the design standard (CEB-FIP Model Code 2010). This means that the higher the strength of the concrete after the first cracking, the higher the capacity of stress redistribution as the bond transfer length (l t ) increases with the increase of the bond stress. Therefore, it can be concluded that the D-section (distributed zone) is getting longer in the high-strength concrete. 
Crack Generation Load Comparison
The crack resistance of high -strength concrete was verified by comparing crack generation load of specimen of normal strength concrete (f c = 30MPa) using D13 reinforcing steel and crack generation load of high strength concrete (SC80). The effect of splitting crack, which is a factor that inhibits the tension stiffening effect, was confirmed by this study. In addition, the predicted transverse cracking loads with various compressive strengths were compared. Table II compares the crack initiation loads of normal and high strength concrete through the experimental results. Table III The crack generation loads of normal strength concrete and high strength concrete were compared in Fig. 7 . In normal strength concrete, the transverse crack initiation load is observed before the splitting crack initiation load, so there is no problem in showing the tension stiffening effect. However, it is hard to see that the tension stiffening effect appears again as the expected transverse crack occurrence load (N tr ) is less than the result. On the other hand, in the case of high -strength concrete, the splitting crack was preceded by the cover thickness of 1.5 and 2, and the tension stiffening effect could not be exhibited again. However, when the ratio of cover thickness to the bar diameter (c/d b ) is more than 2.5, the transverse cracks precede the split cracks, which is close to the predicted transverse cracking loads. From the results, it was found that high -strength concrete using D13 reinforcing steel can prevent splitting cracking (N sp ), which is an obstacle to the tension stiffening effect, if the cover thickness is sufficiently secured. The tendency that the splitting cracking load (N sp ) increases with the cover thickness increases is similar in high strength concrete and normal strength concrete.
Determination of tension stiffening factors
The value defined as the tensile strength test factor at MC 2010 has a fixed value of 0.4. However, the experimental results show that the tensile strengthening effect varies depending on the ratio cover thickness to the bar diameter (c/d b ). Experimental results of members of 1.5 and 2 with insufficient the ratio cover thickness to the diameter bars (c/d b ) showed a value of less than 0.4 and more than 0.4 in case of 2.5 or more specimen with sufficient cover thickness. This means that there is a difference between the current design criteria and the experimental value and that appropriate modification is required to reflect the high-strength concrete using D13 reinforcing bars.
For this purpose, the tension stiffening factor of high -strength concrete by cover thickness were analyzed using the ratio of the strain and the applied load of the reinforced concrete embedded in the concrete measured through direct tensile test of high -strength concrete. For this purpose, the coefficient of the CEB-FIP Model Code 2010 [3] , which specifies the tension stiffening effect, was verified and the influence of the cover thickness was examined. The time when the first crack occurred for the various cover thicknesses was determined, and the tension stiffness coefficient calculated from the crack load to the rebar yield strength was calculated by the arithmetic average of the tensile stiffness coefficients according to the increase of the working load. As an example, the value of SC80 cover thickness (c/d b ) is 3.5, as shown in Fig. 7 Regarding these values, the regression analysis was performed for varying ratios of the cover thickness to the rebar diameter, and the tensile reinforcement coefficient formula, which can be applied to the linear tension stiffening effect model according to the MC 2010, was obtained as follows. The coefficient of determination of the reliability of the tensile stiffness coefficient equation with the ratio of the cover thickness to the diameter of the rebar was high. The tensile strength of high -strength concrete with the cover thickness as a variable was obtained from this equation, and it was confirmed that there is not a large difference when the modified coefficient and actual measured value are compared. Using (6) , the relationship between the cover thickness ratio and the results of the previous studies was compared in Fig. 9 . The relationship between the coating thicknesses from 1.5 to 3.5 was confirmed, and the tensile strength of t https://doi.org/10.17758/EIRAI.F0217315he proposed high strength concrete is close to that of SC80 and SC100. It predicts the value more accurately than the existing research results that are based on the same standard. The results are similar to those of the previous research [5] , [ 6] . In addition, when D19 reinforcing bars were used, high values of tensile strength values of hig h strength concrete using D19 reinforcing bars were found [2] . This is because the higher the strength of the high -strength concrete is, the lower the diameter of the rebar is, the higher the adhesive stress and the subsequent spli tting cracks occur [7] . The tension stiffness factor determined by Equation. (3) can be used to derive the predicti ve value of the tensile reinforcement effect of high strength concrete considering the change of coating thickness using D13 reinforcement.
Conclusions
This paper focuses on understanding the effect of tension stiffening in the stabilization phase of cracks, which is the load bearing stress applied to actual structures. For this purpose, direct tensile test specimens with compressive strengths of 80 MPa and 100 MPa were prepared and subjected to direct tensile tests. For this purpose, direct tensile test specimens with compressive strengths of 80 MPa and 100 MPa were prepared and D13 reinforcing bars were placed at the center of the specimens. The conclusions are obtained as follow.

Specimens with high -strength concrete using D13 reinforced concrete produced splitting cracks when the cover thickness was not sufficiently secured, which is one of dominant factors determine the tension stiffening effect.
The predicted transverse cracking loads of the high strength concrete were close to those of the normal strength concrete.
The tension stiffening effect was improved as the reinforcing bar diameter of high strength concrete was smaller. Also, as the strength of the concrete increases, the strength of the bond increases as the diameter of the steel reinforcement decreases. Tension stiffening effect of high strength concrete was grasped. The tension stiffening coefficient of high strength concrete was introduced through this study. This shows that the tension stiffening of the tensile member is predicted more accurately after cracking.
